Introduction: The benefits of transporting severely injured patients by helicopter remain controversial. This study aimed to analyze the impact on mortality of helicopter compared to ground transport directly from the scene to a University hospital trauma center.
Introduction
For severely injured patients, delayed control of hemorrhage is the main factor contributing to trauma mortality [1, 2] . Direct access to a trauma center with definitive care reduces the risk of death [3] . Helicopter transport (HT) of the injured patient should improve access to the trauma center, but its use remains controversial [4] . Several studies have shown that trauma patients transported by helicopter are more severely injured, have longer transport times, and require more hospital resources than those transported by ground [5, 6] . In recent large studies, HT was a predictor of survival compared with ground transport (GT) [7, 8] . The debate about the factors that could explain the impact of HT on survival remains open [9] . This benefit could be attributed to a higher level of competence in helicopter crews or to improved care provided at the destination centers [10] [11] [12] .
The French Intensive care Research in Severe Trauma (FIRST) is a multicenter cohort study of consecutive severe blunt trauma patients admitted to 14 University hospitals (UnivH) and ICUs within 72 hours of injury. A previous analysis demonstrated that pre-hospital medical management reduces 30-day mortality in severe blunt trauma compared with non-medical pre-hospital management [13] .
The aim of this observational study was to evaluate the impact on mortality of injured patients within hospital discharge of HT versus GT directly from the scene to a UnivH trauma center.
Materials and methods
The French pre-hospital trauma rescue system
The French pre-hospital rescue system with the Mobile Intensive Care Unit (MICU) has been well described in the literature [13] [14] [15] . All MICUs are staffed by an emergency physician, a nurse, and a specially trained ambulance driver. The decision to use a helicopter (HMICU) is based on the suspected severity of the accident or trauma, distance from the trauma center, availability of the helicopter, and the suspected need for immediate recourse to a trauma center able to provide definitive care especially for specialized surgery. In France, ground MICUs (GMICUs) are staffed by a team from the closest hospital, while HMICUs are staffed by a team with an emergency physician from the regional University hospital. Both GMICUs and HMICUs can be dispatched simultaneously to the scene of the accident when necessary. The MICU may initiate early life-sustaining treatment at the scene of the accident and the patient is transported to the closest trauma center or to a UnivH trauma center [16, 17] . When HMICU is dispatched to the scene of the accident, the injured patient is always transported by helicopter. The response to treatment and suspected severity is used by the dispatching physician to identify the most appropriate center for the patient [18] . Although there is still no formal certification process as described in some other Trauma Systems, the University hospitals can provide care in the same way as level one trauma centers in the United States, and are identified by the dispatching center as a regional trauma center.
Patients
Between December 2004 and March 2007, the data on consecutive patients with severe blunt trauma were prospectively recorded in 14 UnivH in France. Inclusion criteria were age 18 or above and suspected severe blunt trauma, defined as trauma requiring admission to a UnivH ICU within 72 hours of injury or, in the case of early death before ICU admission, trauma managed by the MICU of a UnivH. Exclusion criteria were penetrating trauma and death occurring before any advanced lifesustaining treatment was administered. A total of 3,205 patients were eligible for inclusion in the FIRST study [13] .
Data collection
The eligibility criteria were checked online by the research assistants of the Coordination Center in Dijon (France) . Every month, data were extracted by the Coordination Center for quality control. For missing, aberrant or illogical mandatory data, queries were sent to local research assistants. At the end of the inclusion period, data monitoring was performed by the Coordination Center to validate data quality on a random sample of 7% of patients. Unreliable variables were discarded from the analysis. The following data were collected: patient characteristics, data about the circumstances of the accident, condition of victims in traffic-related accidents, and rescue services mobilized for patient transport (ground or helicopter), hospital units involved in early care of the patient before admission to the ICU, clinical and biological data in the pre-hospital phase, at first hospital admission and at 24 hours and 72 hours after trauma, and clinical variables on patient discharge or death including all surgical procedures within the first 24 hours and until discharge or death within 30 days. During the pre-hospital phase, the following data were recorded: prehospital time defined as the time between the accident or the first call to the dispatch center and the hospital admission, initial physiological variables (systolic blood pressure (SBP), pulse oximetry (SpO 2 )), pupil status, Glasgow Coma Scale (GCS) and life-sustaining treatments (venous line, fluid loading and catecholamine administration, tracheal intubation, ventilation, blood products, and chest tube insertion). The accident was considered potentially severe if, in the case of a road traffic accident, at least one of the following was present: pedestrian, no safety equipment (air bag, seat belt, crash helmet, and so on), excessive speed, victim ejected/ crushed/burned/cut free from the vehicle, death of other victims in the vehicle, vehicle fall of more than six meters. For the other accidents, the potential severity was defined as a fall of more than six meters, or crushing by farm equipment. The accident was considered to have occurred in the daytime if it occurred between 8:30 am and 6:30 pm and at the weekend between 1:00 pm on Saturday and 8:00 am on Monday. The trauma was suspected to be serious if, on the initial medical examination, there was a suspicion of fractured skull or flail chest, spine injury or, in the presence of limb amputation, severe burns, smoke inhalation or mydriasis. Data were collected on hemostatic procedures including arterial embolization and hemostatic thoracotomy or abdominal laparotomy, as well as orthopedic procedures including all types of bone fixation of the upper and lower limbs. For all patients, information on vital parameters and life-sustaining treatments was also collected upon arrival at the trauma center and 24 hours and 72 hours after the injury. Data were collected by ICU physicians and research assistants from the medical records of MICUs, emergency units and ICUs. The Abbreviated Injury Scale (AIS) was calculated according to the 1998 updated classification using medical, radiological and surgical reports. All problematic cases were reviewed by local ICU physicians.
The pre-hospital treatment was considered aggressive if at least three of the six life-sustaining treatments were administered during pre-hospital management (intubation, colloid and/or hypertonic saline solution infusion, continuous catecholamine infusion, pneumothorax aspiration or chest tube insertion, blood product administration and more than 1,000 ml of crystalloid infusion). All surgical procedures performed until ICU discharge were recorded and coded by physicians at the Coordination Center.
On patient discharge from the ICU or death (within 30 days), anatomic injury diagnoses with the corresponding AIS codes, and the ISS were collected [19] [20] [21] . 
End points
The main outcome measurement was the vital status at 30 days or at ICU discharge, if discharge occurred within the first 30 days.
Statistical methods
Given their non-Gaussian distribution, quantitative variables were a priori categorized as follows: GCS score (<8, 8 to 13, >13), ISS (<15, 15 to 24, 25 to 34, ≥35), systolic arterial blood pressure (<90, 90 to 110, >110 mmHg), and SpO 2 (<90%, ≥90 %). Descriptive characteristics were expressed as percentages, or means with standard deviations (SD), or medians with IQR. Univariate comparisons between groups (HT versus GT) were performed using chi-square tests or Fisher exact tests, when appropriate, for qualitative variables, and using the Wilcoxon test for quantitative variables.
A multivariate analysis was performed using logistic regression stratified on the center, where the outcome (30-day mortality) was introduced as the dependent variable. Independent variables included mode of transport (ground or helicopter) and all pre-hospital covariables associated either with the mode of transport or with 30-day mortality with a P value <0.20 in a bivariate analysis (model 1). For the covariable selection, we used a stepwise procedure excluding covariables with a P value greater than 0.10. A similar analysis strategy was used for further models that also included the ISS (model 2) and both the ISS and overall surgical procedures (model 3). Interaction terms between mode of transport and other independent variables were systematically tested. As none were significant, they were dropped from the final models. The Hosmer-Lemeshow test was used to check the models' goodness-offit (the P value was 0.33 for final model 1, 0.62 for final model 2 and 0.82 for final model 3). The discriminatory power of the models was quantified by the concordance index (C-index) corresponding to the area under the receiver operating characteristic (ROC) curve (C-index was 85.6% for final model 1, 87.7% for final model 2 and 88.2% for final model 3). The significance level was P <0.05. The statistical analyses were performed with SAS™ version 9.3 (SAS Institute Inc, Cary, NC).
Results
Of the 1,958 patients directly admitted to a University trauma center with complete data, 74% were transported by ground and 26% by helicopter ( Figure 1 ). Patient characteristics and accident circumstances are given in Table 1 . A suspicion of severe trauma was significantly more frequent for HMICU than for GMICU. The median time to hospital admission was higher for HMICU than for GMICU (2.3 hours, IQR 1.8 to 3.0 versus 1.8 hours, IQR 1.3 to 2.3, P <0.0001).
Initial pre-hospital assessment and injury severity according to mode of transport are presented in Table  2 . The proportion of patients with SBP lower than 90 mmHg was significantly higher in the HMICU group than in the GMICU group, as was the percentage of patients with severe spinal injury. The median ISS was 25 (IQR 18 to 34) for all patients, 26 (IQR 19 to 34) for the HMICU group and 25 (IQR 18 to 34) for the GMICU group. No differences in ISS were noted between the HMICU and GMICU groups.
The comparison of life-sustaining treatment administered during pre-hospital support is given in Table 3 . HMICU patients were treated more aggressively than GMICU patients. Tracheal intubation, administration of crystalloids >1000 ml, treatment with catecholamines and blood product transfusion were more often observed in the HMICU group, whereas colloids or hypertonic saline solution (SSH) were more often used in the GMICU group.
The surgical procedures performed within 24 hours and until discharge from hospital according to mode of transport are presented in Table 4 . Crude mortality before hospital discharge was no different according to pre-hospital mode of transport (88 patients: 17% in HMICU versus 283 patients: 19.6% in GMICU, P = 0.20). The risk of death was higher for men, day-time accidents (OR: 0.72, 95% CI 0.55 to 0.95, P = 0.018), potentially serious accidents and when there was a suspicion of severe trauma. No link was found between the time to hospital admission and mortality (P = 0.96). The multivariate analysis for evaluating the association between mode of transport and death before ICU discharge (within 30 days) was performed for 1,817 patients ( Table 5 ). The risk of death was significantly lower (OR: 0.68, 95% CI 0.47 to 0.98, P = 0.035) for HMICU compared with GMICU (Table 5 , model 1). Increasing age, GCS <14, SBP <90 mmHg, SpO 2 <90%, suspected trauma severity and aggressive therapy remained significant factors for death, whereas gender and time to hospital admission did not enter the regression model (model 1). The association between the mode of transport and mortality before discharge was unchanged after further adjustment for ISS (model 2), and by overall surgical procedures (model 3). Overall surgical procedures were associated with a reduction in the risk of death (P <0.001).
Discussion
This multicenter cohort study compared HT versus GT of severe blunt trauma patients, both with medical prehospital care delivered by MICU, and directly admitted to University hospitals. The probability of death before discharge was lower for helicopter medical transport compared with ground medical transportation. The median hospital admission time was higher for HMICU than for GMICU patients, and the group transported by helicopter received a more aggressive pre-hospital treatment. This association between mode of transport and mortality until discharge was unchanged after further adjustment for ISS. HT was associated with a higher level of medical care and decreased mortality compared with GT.
Helicopters are a costly and limited resource, and their use must take into account their real benefit and risk [22] . Over-triage increases costs and may increase the risk of critical events for transport teams. Undertriage may lead to increased morbidity and mortality in patients who could have benefited from its use.
The present study was specifically performed to investigate the influence of the mode of transport, HT versus GT, on the outcome of injured patients in the context of a pre-hospital medicalized care. The fact that the ground team is identical to the helicopter team (physician, nurse and specially trained pilot/driver) makes it possible to analyze the potential benefit of pre-hospital medical care and its impact on outcome for several categories of patients with as little bias as possible [15] . To limit biases in this comparison, interfacility transfers were excluded and the analysis was restricted to patients directly admitted from the scene to a UnivH trauma Accident severity was defined if at least one of the following criteria was present: pedestrian; no safety equipment (air bag, seat belt, crash helmet, and so on); high velocity; victim ejected/crushed/burned/or cut free from the vehicle; death of another person in the same vehicle; fall of more than six meters. b Trauma severity was suspected if at least one of the following criteria was present: suspicion of skull fracture, pelvic fracture, flail chest, spine injury, limb amputation, severe burns, smoke inhalation, mydriasis. (*) Wilcoxon Test. GMICU, ground transport of mobile intensive care unit; HMICU, helicopter transport of mobile intensive care unit.
Desmettre et al. Critical Care 2012, 16:R170 http://ccforum.com/content/16/5/R170 center able to provide definitive care for all trauma patients. Similarly, to investigate the real benefit of HT versus GT, patients transported by ground without prehospital medical care were excluded.
Patients with an ISS >15 are deemed to require specialized trauma care, while patients with an ISS of 15 or less are considered to have non-life threatening injuries [23, 24] . The severity of trauma in the FIRST patients is attested to by the high median ISS and the high percentage of patients with an ISS above 35 (about 25% of all patients). The trauma severity was not different between HMICU and GMICU groups. The percentage of patients with severe spinal injury was higher in the HMICU group than in the GMICU group. The preferred choice of helicopter in cases of spinal injury is probably explained by the higher level of comfort provided by HT.
The median time to hospital admission was longer for HMICU than for GMICU. There is controversy concerning the time spent on the scene and pre-hospital management. The possibility that shortening pre-hospital times improves survival has not yet been demonstrated in studies with appropriate statistical control [25] . Several large studies have demonstrated that, despite a longer transport time associated with HT, trauma patients are more likely to survive and/or to be discharged and allowed to go home after treatment [5, 8, 26] . This delay may be partly due to a more aggressive therapy observed in HMICU compared with GMICU during the pre-hospital phase. Aeromedical teams usually provide a higher level of care than GMICU teams. Several factors may explain this difference. First, helicopter teams from University hospitals should be more specialized and more highly trained in the care of severely injured patients [27, 28] . Helicopter teams usually have a higher level of experience than the GMICU of the nearest hospital for primary care of severe trauma patients. In addition, the decision to administer life-sustaining treatment before HT must be anticipated because of the complexity of performing procedures during the flight.
Few studies have demonstrated a real benefit of high level pre-hospital care. Endotracheal intubation and tension pneumothorax decompression on the scene have been shown to reduce early deaths in trauma [29] . Initial management of patients with severe blunt head trauma requires aggressive volume resuscitation and active drugs to maintain cerebral perfusion pressure, which is directly related to mean arterial blood pressure. The impact of life threatening measures by paramedics on outcome is not clear. The OPALS Major Trauma Study showed that system-wide implementation of full advanced life support programs for paramedics does not decrease mortality or morbidity in major trauma patients [30] . Therefore, the major benefit of HMICU seems to be the high rate of early intervention by medical air teams, the quality of life-sustaining treatment and decision-making and a more aggressive on-site approach [10, 29, 31] . A better outcome with this strategy has been described for severe traumatic brain injury [11] . Our results showed that the need for emergency surgical procedures, and overall head surgical procedures until discharge from hospital, was higher in the HMICU group than in the GMICU group. Although crude mortality until hospital discharge was no different according to pre-hospital mode of transport, the probability of death before hospital discharge was lower for the HMICU group in the multivariate analysis, whatever the model considered. HT seems to act as an accelerator of care within the hospital, probably with a higher quality of care by the team in charge of the patient on arrival at the trauma center. Analysis performed among 1,817 patients due to missing values for at least one covariate; b therapy defined as aggressive if at least three of six criteria were present: tracheal intubation, colloids or SSH, crystalloids ≥1000 ml, catecholamines, blood products, exsufflation/chest tube. CI, confidence interval; GMICU, ground mobile intensive care unit; HMICU, helicopter mobile intensive care unit; OR, odds ratio; SpO 2 , pulse oximetry; SSH, hypertonic saline solution.
Our study must be interpreted with caution because of its methodological limitations. The FIRST study is observational so that no causal inference can be drawn from our findings. The decision to dispatch a helicopter is based on multiple factors, and there is currently no standardization of these criteria in France. There may thus be differences between the various centers in how this mode of transport is chosen. Hospitals participating in the FIRST study were UnivH. These trauma centers were able to provide definitive care, but the level of care for each patient may have been different in the absence of procedures validating the ability of staff to manage all trauma patients. However, to take into account potential between-center differences in patient management, all analyses were stratified by center. Another weakness was our limited ability to distinguish between urban and rural intervention areas which may influence the use of HT. Furthermore, the distance from the scene of the accident to the trauma center was not recorded, and we were unable to distinguish the time dedicated to transport and the time for performing life-sustaining treatment by the team. Despite our careful adjustment strategy, we cannot exclude residual confounding due to non-measured factors such as comorbidities and detailed schedule of pre-hospital care. A further limitation of this study was the lack of information on patient quality of life. Helicopters may reduce mortality rates, leaving patients disabled and with a lower quality of life in the longterm. Finally, our study was conducted only in patients who were managed by MICU prior to hospital admission; this is not the case for all pre-hospital systems, making it difficult to generalize about our results.
Conclusions
This original comparison of helicopter utilization in the pre-hospital context shows that severe trauma patients transported by helicopter medical teams received more aggressive therapy during the pre-hospital phase than patients transported by ground medical teams. Their probability of death was decreased with HT after adjustment for initial physiological status and trauma severity compared with patients transported by GMICU. It remains unclear whether or not this benefit can be attributed exclusively to the high level of pre-hospital care. More aggressive therapy during the pre-hospital phase and more overall surgical procedures during the hospital phase cannot alone explain this benefit. Furthermore, more detailed analysis of the pattern of pre-hospital care is needed to explore other factors that may help to explain this benefit. Finally, HT is more expensive than GT and a cost effectiveness analysis may be the most appropriate step for further studies.
Key messages
• HMICU patients had a higher median time frame before hospital admission • HMICU patients were more intensively treated in the pre-hospital phase • After adjustment for initial status, the risk of death was significantly lower for HMICU compared with GMICU • This study suggests a beneficial impact of HT on mortality in severe blunt trauma • Whether this association could be due to better management in the pre-hospital phase needs to be more thoroughly assessed. 
